Development of brain and behavior is influenced by the interaction of genetic and environmental factors. Postnatal handling, a manipulation that briefly separates mouse offspring from their mother during the postnatal period, has been reported to yield beneficial effects on the behavior of adult offspring. However, brain mechanisms underlying the effects on the behavior have not been well understood. Here we first examined effects of postnatal handling on the behavior of adult male BALB/c mice. Offspring were separated for 15 min every day between postnatal day 1 (P1) and P14 and then various behaviors were tested in the adulthood. Postnatal handling reduced anxiety-like behavior in elevated plus maze and improved spatial learning and memory in Morris water maze without effects on depression-like behavior in forced swim test. Next, to elucidate mechanisms underlying the behavioral effects, we evaluated mRNA expression of the serotonin 1A (5-HT1A) receptor, brain-derived neurotrophic factor (BDNF), and GABA-A receptor subunits in the medial prefrontal cortex, amygdala, dorsal and ventral hippocampi, and dorsal raphe nucleus by quantitative RT-PCR, since these genes and brain regions have been shown to be involved in cognition and emotion. Postnatal handling up-regulated mRNA expression of the 5-HT1A receptor in the dorsal raphe nucleus and down-regulated 5-HT1A receptor mRNA expression in the amygdala on P15 and P71. In adulthood, mRNA expression of BDNF was up-regulated in the amygdala and dorsal hippocampus and down-regulated in the dorsal raphe nucleus, whereas that of GABA-A receptor α2 subunit was down-regulated in the amygdala. Taken together, the present study suggests that postnatal handling reduced anxiety-like behavior and improved learning and memory, which were accompanied by changes in mRNA expression of 5-HT1A receptor, BDNF and GABA-A receptor α2 subunit in the amygdala, 5-HT1A receptor in the dorsal raphe nucleus and BDNF in the dorsal hippocampus.
Introduction
Formation of structure and function of the brain is genetically programmed but also modified by environmental factors during development. Maternal separation is widely used as an animal model to study the mechanism underlying the relationship between early-life environmental factors and the development of brain and behaviors. Prolonged maternal separation for 3 or more hours per day during the first two postnatal weeks has been found to produce increased anxiety and depression-like behaviors, and exaggerated hypothalamic-pituitary-adrenal (HPA)-axis response to stress in adulthood (Levine, 2000; Meaney, 2001; Pryce and Feldon, 2003) . In contrast, postnatal handling (brief maternal separation) is a manipulation that briefly (3-15 min) separates rat or mouse pups from their mother daily during the postnatal period (e.g. postnatal day 1 (P1)-P10 or P1-P21) (Levine et al., 1956 (Levine et al., , 1962 Plotsky and Meaney, 1993; Fenoglio et al., 2005) . Many studies have reported that postnatal handling has beneficial effects on the offspring behavior. For example, postnatal handling lowers anxiety levels in mice (Moles et al., 2004) and rats (Vallée et al., 1997; Caldji et al., 2000) and improves spatial learning and memory in mice (Zaharia et al., 1996; Anisman et al., 1998) and rats (Vallée et al., 1999; Fenoglio et al., 2005) , although the effects on anxiety-like behavior and spatial learning and memory are not necessarily consistent between mice and rats and even among different mouse strains (Zaharia et al., 1996; Millstein and Holmes, 2007) . Therefore, we first confirmed effects of the postnatal handling on the offspring behavior under our experimental paradigm.
The brain mechanisms which mediate effects of postnatal handling
